Objective: To assess adherence and persistence with first-line single-tablet regimen (STR) and multi-tablet regimen (MTR) antiretroviral therapy (ART) in newly treated HIV-1 patients. Methods: Retrospective analysis of longitudinal pharmacy claims among US patients initiating ART between 1/1/2016 and 5/31/2016 (index date was defined by first ART claim for STRs, and fill date for the last therapy in the regimen for MTRs). Adherence was assessed over a 12-month period and reported as the proportion of adherent or nonadherent (defined as ≤5-day and > a 5-day gap between successive fills, respectively) patients. Sensitivity analysis using ≤7-day and ≤14-day gap thresholds to define adherence was performed. Persistence was assessed as the number of days on therapy from index until treatment discontinuation (>90 day gap in therapy). Kaplan-Meier curves and Cox Proportional Hazard models were generated to evaluate discontinuation rates. Assessments were performed on STRs vs MTRs overall and by regimen. Results: Patients initiating ART (STR: n=10,623; MTR: n=2504) had a mean age of 42.8 years; 76.0% were male. STR patients were >2 times more likely to be adherent over 12 months than MTR patients (24.9% vs 11.7%, respectively). Patients using EVG/COBI/FTC/ TAF had greater adherence than those using other STRs. Among MTRs, patients were more adherent with FTC/TDF+DTG (15.1%) than other MTRs. Persistence was also greater with STRs, with MTR patients being 61% more likely to discontinue therapy. Persistence was best for FTC/TAF-based regimens. Predictors of treatment discontinuation included younger age, female gender, and Medicare or Medicaid insurance type. Conclusion: Patients receiving STRs were significantly less likely to discontinue therapy and were more adherent with their regimens, providing further evidence of greater adherence and persistence with STRs versus MTRs. However, there was a large proportion of patients who interrupted or discontinued treatment. Further research examining treatment patterns beyond first line is warranted.
Introduction
In 2015, approximately 40,000 individuals were newly diagnosed with HIV, bringing the prevalence to over 1.2 million in the United States (US). 1 While the incidence of HIV has steadily declined over the past 10 years, 2 it remains a serious public health concern given the burden it imposes on patients and the health care system.
The introduction of antiretroviral therapy (ART) agents revolutionized HIV treatment and substantially lowered mortality and morbidity in HIV patients. [3] [4] [5] ART is recommended for all HIV patients with the primary goal of reducing HIV-associated mortality and morbidity. Early initiation of ART has demonstrated an increased survival benefit and delayed disease progression in randomized clinical trials. 6, 7 As a result, the Department of Health and Human Services (DHHS) guidelines for HIV treatment recommend early initiation of ART regardless of the disease stage in order to delay disease progression, prolong survival, decrease drug resistance, and prevent HIV transmission. 8 These guidelines recommend initiating ART in treatment naïve patients with a regimen consisting of two nucleoside reverse transcriptase inhibitors (NRTIs) along with a third drug: either an integrase strand transfer inhibitor (INSTI), or a non-nucleoside reverse transcriptase inhibitor (NNRTI) or protease inhibitor (PI) as alternatives to INSTIs. The choice of therapy is based on factors such as virologic efficacy, comorbid conditions, toxicity, and pill burden. 8 After initiation, ART must be continued indefinitely. Adherence is considered to be one of the key factors in maintaining viral suppression and reducing the risk of drug resistance. 8 Adherence is defined as the extent to which a patient conforms to the prescribed treatment in terms of timing, dose, and frequency of administration, and is a challenge for many patients. 9 It has been observed that many patients experience interruptions in their ART regimen. 10 As ART is composed of combination therapy with multiple agents, patients are frequently required to take 2 or more pills a day. 11 These multi-tablet regimens (MTRs) have been found to be a barrier to adherence and a predictor of treatment discontinuation. 12, 13 However, drugs with longer half-life and fixed-dose combinations combining multiple antiretroviral drugs in a single pill (single-tablet regimens [STRs]) allow for simple, oncedaily regimens. Results from randomized clinical trials and observational studies have shown that STRs are associated with higher adherence and persistence when compared with MTRs. 11, [14] [15] [16] [17] [18] In a recent meta-analysis, Altice et al found that STR use was associated with a 1.7 times higher likelihood of achieving ≥95% adherence compared to use of an MTR, even across different regions (US and EU) and using different measures of adherence. In turn, higher adherence was related to increased viral suppression in most of the studies evaluated. 19 Adherence has also been found to be associated with tolerability and the ART class of therapy a patient is prescribed. Patients who experience an adverse event are more likely to discontinue their regimen or switch to a different regimen. 20 Additionally, patients treated with INSTI-based regimens have been found to have better persistence, while discontinuations have been observed more frequently amongst patients treated with NRTI regimens. 20, 21 Adherence to ART is a critical determinant of survival, and the consequences of poor adherence include reduced viral suppression, hospitalization, higher risk of progression to AIDS, and reduced quality of life and survival. 8, [22] [23] [24] [25] [26] [27] [28] [29] Persistence is defined as the duration of time from initiation to discontinuation of therapy which may be influenced by providers' decisions to switch therapies, newly-available treatment options, patient behavior, or adverse events. A lack of persistence was found to be associated with the development of reduced viral suppression, disease progression, and mortality. 30, 31 While evidence shows that adherence and persistence are better with STRs than with MTRs, contemporary treatment options with greater potency and tolerability have become available since those data have been published. With the availability of newer antiretroviral regimens, there is a need to update the existing evidence in a large representative sample. Hence, the objectives of the current study were to (1) assess adherence with first-line STR and MTR regimens overall as well as with the individual regimens among treatment naïve patients, (2) evaluate persistence of first-line ART, and (3) determine the adjusted risk of discontinuation of ART across regimens.
Methods

Study Design And Data Source
This was a retrospective database analysis that involved the use of IQVIA's US-based open-source point-of-service longitudinal pharmacy claims database (LRx). LRx captures information on adjudicated dispensed prescriptions sourced from retail (86% coverage), mail (55% coverage), long-term care, and specialty pharmacies (40-70% coverage). The data suppliers have direct, long-standing relationships with IQVIA, with many providing data on a daily basis. Information is available for over 150 million unique patients. Data are updated monthly with a reporting lag time of 30 days. All data are de-identified and Health Insurance Portability and Accountability Act (HIPAA) compliant to protect patient privacy. As this study was based on secondary analysis of de-identified data, Institutional Review Board approval was not required.
Patient Selection
This study included patients with at least two claims for one of the ARTs of interest (Table 1) date of the first ART claim within the index window. For patients prescribed an MTR, the index date was defined as the claim date for the last-filled drug in the regimen. A window of ±5 days between fills for the agents in an MTR was allowed. The pharmacy dispensing the index prescription was required to have consistently submitted claims to the LRx database from 12 months prior to the index date until the end of the study (May 31, 2017). Patients were required to be 18 years of age or older on the index date, have no prescription claim for an ART during the 12month period prior to the index date (thus capturing those newly starting treatment), and have no ART use other than the index drugs on the index date. Patients with missing information on age, gender, or prescription were not included ( Figure 1 ).
Demographics And Outcome Measures Baseline Patient Characteristics
Demographics, including age, gender, geographic region (Northeast, Midwest, South, West), and insurance type (commercial, Medicaid, Medicare Risk), were measured on the index date. Number of unique non-ART drugs filled on index date and proportion of patients with non-ART medication use (including antibiotics, anti-hypertensives, antidiabetics, lipid-lowering therapy, anticoagulant, and respiratory agents) during the 12-month pre-index period were also reported.
Adherence With ART
Adherence with ART was measured for STRs, MTRs, and the individual regimens on a monthly basis (30-day intervals) during a 12-month assessment period. Assessments were made for first-line therapy only. For MTRs, adherence was measured based on the number of days in which the patient had all drugs in the regimen on hand and was assessed separately for each drug in the regimen. For each 30-day period within the 12-month assessment period, patients were classified as being adherent, non-adherent, or as having discontinued therapy. Adherence was defined as a ≤5-day gap between successive claims for STR (measured from the end of days' supply of one claim and the date of the following claim) or ≤5 days in which one or more of the drugs in the regimen was not on hand for MTRs. The definition for adherence was based on previous studies of HIV patients that utilized a similar 4-5 days gap, 32, 33 as well as empirically from the distribution of the data. An examination of the distribution of days between fills showed that 75% of the patients filled within 5 days of the end of days' supply of the prior fill.
Non-adherence was defined by a >5-day gap between claims. For patients with non-adherence, we estimated a refill gap as the number of days between claims. In cases where a patient had multiple claims within a 30-day period, the refill gap was reported as the sum of gap days in the 30-day period. A cumulative refill gap was calculated as the sum of the days in the gap over the 12-month assessment period. Once a patient met the requirement for non-adherence, they remained classified as non-adherent throughout the remainder of the assessment period. Thus, the final adherence assessment (made in month 12) represents patients who remained adherent throughout the 12-month assessment period, and patients with a >5-day gap between refills (non-adherent) at any time during the 12-month period. Patients were considered to have discontinued first-line therapy if a ≥90-day gap between fills was observed, which included patients who switched to a different ART regimen. This 90-day period was informed by the empirical distribution of refill gaps observed in the data. As restarts were not captured in this analysis, patients who restarted therapy after a ≥90-day gap remained classified as discontinued. As there is no clinically defined threshold for adherence, sensitivity analyses were performed by using different gap thresholds (≤7 and ≤14 days) to evaluate the impact of expanding the gap window on adherence to STR.
Persistence With ART
Persistence with STRs and MTRs was assessed overall and by treatment for the index therapy (i.e., the ART therapy initiated during the index period) only. Persistence was measured as the number of days on index therapy and the proportion of patients remaining on index therapy at 12 months post-index. Days on therapy were calculated from the index date until the first of treatment discontinuation (the end of days' supply of the last claim for all therapies in the regimen) or the end of the data stream. A treatment gap of <90 days between refills was allowed. For MTRs, a ≥90-day gap for any drug in the regimen was considered a discontinuation of the regimen, and persistence required that patients must have remained on all drugs in the regimen.
Observation of a claim for any agent not included in the index regimen or removal of an agent indicated a change to the index regimen and the end of the persistence period. 
Results
Patient Demographic And Clinical Characteristics
After applying inclusion and exclusion criteria, 13,127 patients were identified (STR = 10,623, MTR = 2504) ( Figure 1 ). Patient baseline characteristics are shown in 
Adherence Adherence Over 12-Month Period
A greater proportion of patients receiving STR were consistently more adherent over 12 months than patients receiving MTR, with higher proportion of STR patients adherent at each 30-day interval (Figure 2A) . The proportion of patients adherent to STR was consistently 10-15% higher than patients adherent to MTR at each 30-day interval. Over the 12 months, more than double the number of STR recipients remained adherent compared with MTR recipients (24.9% [95% CI: 24.08%, 25.72%] vs 11.7% [95% CI: 10.48%, 13.0%]; p<0.0001). Among those who discontinued or switched therapy, 40.3% were on STRs vs 57.7% of the MTR recipients.
By regimen type, EVG/COBI/FTC/TAF regimen had consistently more adherent patients over 12 months than other regimens ( Figure 2B ). This trend of higher adherence held throughout each 30-day interval, with a higher proportion of EVG/COBI/FTC/TAF recipients adherent compared to every other regimen. Differences in the proportion of adherent patients by regimen became evident by month 3 (61-90-day interval) and persisted through 12 months. The proportions of STR patients who remained adherent at 12 months were EVG/ COBI/FTC/TAF: 32.04% (95% CI: 29.99%, 34.09%), EVG/ COBI/FTC/TDF: 18.92% (95% CI: 17.40%, 20.45%), ABC/ 3TC/DTG: 30.02% (95% CI: 28.25%, 31.79%), and EFV/ FTC/TDF: 23.18% (95% CI: 21.41%, 24.95%); p<0.0001. Among MTRs, the proportions remaining adherent at 12 months were FTC/TDF+DTG: 15.13% (12.83%, 17.43%), FTC/TDF+DRV combo: 12.18% (8.91%, 15.44%), FTC/ TDF+DRV/r,c: 9.28% (7.01%, 11.55%); FTC/TDF/ATV combo: 10.87% (1.87%, 19.86%), and FTC/TDF+ATV/r,c: 8.73% (5.97%, 11.49%); p=0.002.
Sensitivity Analyses On STR Adherence Definition
Sensitivity analyses using an adherence definition of ≤7 gap days between successive fills yielded similar adherence rates as the base case definition (≤5 days), with 27.7% (n=2937) of patients maintaining adherence throughout the 12-month period and 32.1% (n=3407) classified as non-adherent. Higher adherence rates were noted when a ≤14-day gap was allowed: 34.5% (n=3664) patients maintained adherence and 25.2% (n=2,680) were non-adherent by month 12. Consistent with the base case, EVG/COBI/FTC/TAF had the highest proportion of adherent patients among the STRs when the ≤7 and ≤14-day gaps were applied.
Persistence Persistence With STR Vs MTR Overall
Patients who initiated ART with an STR experienced longer persistent days (unadjusted mean [SD]) than patients initiating therapy with an MTR (316.3 [156.9] vs 259.1 [156.5] days, respectively). Congruently, Kaplan-Meier estimates revealed a significantly longer time to treatment discontinuation for STR patients than for MTR patients (p<0.0001) ( Figure 3A) . In adjusted analyses controlling for age group, gender, geographic region, insurance type, baseline medications, and number of unique prescriptions on index date, patients on MTRs were 61% more likely to discontinue treatment than patients with STRs (HR: 1.61 [95% CI: 1.53, 1.71]) ( Figure 4 ). Significant predictors of discontinuation in the adjusted models included age (with patients age 18-34 having a higher risk of discontinuation than patients ≥65 years; HR: 
Comparison Of Persistence By Regimen
Kaplan-Meier estimates of discontinuation of the individual regimens yielded a statistically significant difference in time to discontinuation between the therapies (p<0.0001), with EVG/COBI/FTC/TAF having the longest time to discontinuation ( Figure 3B ). Among the individual STRs, adjusted analysis indicated that compared to EVG/COBI/FTC/TAF, EVG/COBI/FTC/ TDF patients were nearly twice as likely to discontinue therapy (HR: 1.92 [95% CI: 1.76-2.09]), and that the risk of treatment discontinuation was approximately 13% higher with ABC/3TC/DTG (HR: 1.13 [95% CI: 1.03-1.24]), and 
Discussion
This retrospective analysis of pharmacy claims evaluated adherence and persistence among over 13,000 newly treated HIV patients and included current ART regimens not previously reported. While there is a preponderance of data evaluating adherence with ART, our study offers a novel approach. Whereas most published studies present adherence as medication possession ratio (MPR), 18, 22, 34 we evaluated adherence over 30-day intervals within a 12-month period and determined the proportion of patients who were adherent or non-adherent at each interval. This allowed for adherence to be evaluated in the context of time from initiation of therapy and an assessment of the number of days a patient may be without therapy within a month's time.
Our findings are congruent with the reports of others and provide further evidence of differences in adherence rates between patients using STRs vs MTRs. Across existing adherence studies, the biggest predictor of adherence is pill burden, with patients on STR having better adherence than patients using MTRs. [34] [35] [36] In our analysis, we found adherence rates at the end of the 12-month period to be more than two times higher with STRs than with MTRs. Additionally, a greater proportion of STR than MTR patients was adherent at each 30-day interval. While we found that more STR than MTR patients became nonadherent after month 7, we observed discontinuation rates of first-line therapy to be higher for MTR patients. Thus, the pattern of fewer MTR patients being classified as non-adherent towards the end of the observation period may have resulted from more MTR patients moving into the discontinuation category.
Consistent with the adherence findings, we observed that persistence was greater with STRs than MTRs. Our results suggest that patients treated with an MTR are approximately 60% more likely to discontinue therapy within 12 months than those treated with an STR. These observations underscore the important role of convenient treatment regimens with minimal toxicities in treatment continuity and may reflect important provider-driven clinical decisions to switch patients. The results further suggest that persistence with ART is influenced by age, gender, insurance payer type, and medication history. For example, we observed better persistence among patients covered by commercial payers than Medicare or Medicaid. This may be due to socio-economic factors that go beyond the scope of the current analysis. Further research is warranted to better understand the age, gender, and socioeconomic influences, as other researchers have noted similar correlations. In their evaluation of a US commercially insured population, Juday et al identified female gender as a significant predictor of ART discontinuation. 37 Likewise, Asad et al found female gender and younger age to be predictors of ART discontinuation among Medicaid recipients and uninsured individuals, 38 and Hughes et al found that female gender, younger age, and insurance coverage significantly predicted treatment discontinuation in a nationally representative sample of HIV patients. 39 Although not evaluated in the current study, other reasons for treatment discontinuation might include virological failure or treatment tolerability. 30, 31 Our assessment of adherence and persistence by regimen revealed that patients using EVG/COBI/FTC/TAF were more adherent and persistence was greater than for other therapies. EVG/COBI/FTC/TAF has been shown in prior research to be well-tolerated with reduced side effects, 40 which may account for these results. Along with this, we noted greater persistence with FTC/TAFbased regimens versus FTC/TDF-based regimens. This may be due to the association between TDF-based regimens and increased risk of bone mineral density decline and reduced renal function. 41, 42 Many physicians and their patients are switching from an FTC/TDF to F/TAF-based regimens, which may explain the 2-fold greater discontinuation of FTC/TDF backbones found in the current analysis. The decision to switch from one regimen to another can be driven by a multitude of reasons including, but not limited to, the novelty of the new regimen, adverse events, to avoid longterm toxicity, regimen simplification, and patient request.
The results presented here should be interpreted in the context of several limitations. First, this analysis was based on point-of-service, open-source pharmacy claims and is therefore subject to the inherent limitations of administrative claims data. Additionally, only pharmacies that continuously submitted claims to the database were included in the analysis, creating the potential for information bias. Next, as this study only relied on pharmacy claims, no diagnostic or other clinical information was available to confirm an HIV diagnosis. However, as ARTs are only used in HIV, it is reasonable to conclude that patients identified by use of ART are HIV-infected. In the absence of clinical information, the presence of comorbid conditions that may have influenced treatment patterns could not be confirmed. The definition of adherence or non-adherent used for this study did not allow patients to move back and forth between these categories. Thus, once patients were classified as non-adherent, they remained in that category for the duration of follow-up. Hence, patients with non-routine lapses in refills were not distinguished from those with consistent non-adherent behavior. In the current contemporary era, the threshold of adherence that is needed to sustain viral suppression is unknown. While there is some evidence suggesting that viral rebound occurs as early as two weeks after discontinuing ART, 43 more research is needed to better understand the point at which adherence to the newer, more potent treatment options impacts viral suppression. As a claims database, reasons for non-adherence and discontinuation of ART could not be discerned. It is therefore unknown whether discontinuation was due to switching to new regimens, virologic failure, adverse drug reactions, or drug-drug interactions. Lastly, while we were able to delineate some risk factors associated with treatment discontinuation through multivariable analyses, unobserved confounders may remain.
Conclusion
This study found that among over 13,000 US health plan enrollees with HIV, patients using STRs were significantly less likely to discontinue ART and were more adherent with their regimens than patients taking MTRs. These observations support the findings of previously published results that suggested better adherence and persistence with STRs than MTRs. However, across all regimens, there was a large proportion of patients who interrupted therapy, discontinued therapy, or switched to a new regimen. As this research only evaluated adherence and persistence with first-line ART, further studies examining patients' treatment trajectory beyond first-line are warranted.
